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Objective: We aimed to compare the clinical outcomes of intra-articular calcaneus fractures treated with
open reduction and internal ﬁxation with conventional plate via L-shaped lateral approach (routine
treatment) versus those with percutaneous plate via a sinus tarsi approach (minimally invasive
treatment).
Methods: One hundred and seventeen displaced intra-articular calcaneal fractures in 108 patients from
January 2007 and September 2010 were randomly allocated to receive routine treatment (49 patients) or
minimally invasive treatment (59 patients). Operative time, preoperative and postoperative calcaneal
height, width, length, Böhlers angle, Gissanes angle, and incision healing were recorded. Maryland foot
score system was used to evaluate clinical functional outcomes.
Results: The operative time of minimally invasive group was signiﬁcantly shorter than that of the routine
group [46e80 min (mean, 62 min) vs 65e110 min (mean, 93 min), p < 0.01]. Postoperative X-ray showed
the calcaneal height, width, length, Böhlers angle and Gissanes angle were signiﬁcantly improved in both
two groups, and no signiﬁcant difference was observed between two groups postoperatively. No feet
developed wound complications in minimally invasive group, but incision complications occurred in
8 feet in routine group. The excellent and good rate according to the Maryland foot score was signiﬁ-
cantly higher in minimally invasive group than that in the routine group (93.8% vs 86.8%).
Conclusion: Compared with L-shaped lateral approach treatment of displaced intra-articular calcaneal
fractures, sinus tarsi approach for the reduction and internal ﬁxation with percutaneous plate seems to
be more safe and effective, with satisfactory clinical therapeutic effects and without postoperative
complications.
 2014 Published by Elsevier Ltd on behalf of Surgical Associates Ltd.1. Introduction
Calcaneus fractures are the most common fracture in the tarsal
bones, accounting for 60% of all tarsal fractures, with 75% of those
being displaced intra-articular fracture [1]. The management of
displaced intra-articular calcaneal fractures remains challenging
and often controversial. Open reduction and internal ﬁxation with
conventional plate via an extensible lateral L-shaped approach has
been considered to be a standard treatment for displaced intra-, Pudong District, Shanghai
f of Surgical Associates Ltd.articular calcaneal fractures because it provides excellent expo-
sure of the fracture and allows direct reduction of the depressed
posterior facet fragment [2]. However, several studies report that
the postoperative wound complication rate of this technique,
including wound edge necrosis, dehiscence, hematoma, or deep
infection, is high [3e5].
To lower the wound complications, numerous minimally inva-
sive procedures have recently been introduced, including percu-
taneous reduction internal ﬁxation, arthroscopically assisted
ﬁxation, and minimal incision techniques via medial, modiﬁed
lateral (such as the sinus tarsi approach), posterior, or combined
approaches [6]. These techniques minimize soft tissue trauma,
thereby reducing the risk of operative complications, while still
allowing good fracture reduction [7e9].
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insert plate according to the characteristics of anatomical structure
of calcaneus and sinus tarsi approach to treat displaced intra-
articular calcaneal fractures, which has yielded favorable out-
comes in our clinical series. The purpose of this study is to compare
the therapeutic effects and complications between open reduction
and internal ﬁxation with conventional plate via L-shaped lateral
approach and internal ﬁxation with our percutaneous plate using a
sinus tarsi approach for treatment of calcaneal fractures.
2. Materials and methods
2.1. Patients
From January 2007 to September 2010, 136 displaced intra-
articular calcaneus fractures in 127 patients were surgically
treated in our hospital because a decrease in the height and an
increase in the width of the calcaneus, and reduced Böhler and
Gissane angle (Figs. 1A, B and 2A, B). Injury mechanisms were a
fall or jump from a height in 98 cases and trafﬁc accident in 10
cases. All patients were closed fracture, without long-term
smoking and severe diabetes. All the patients were randomizedFig. 1. Internal ﬁxation with percutaneous plate using a sinus tarsi approach for treatment o
height, Böhlers angle and Gissanes angle (A), and preoperative axial X-ray indicated signiﬁca
plate was inserted from the rear incision to the front along the right lateral wall of the calcan
X-ray showed that the calcaneal height, Böhlers angle and Gissanes angle were signiﬁcantly
Surgical incision healed well on the 14th day after surgery, and sutures had been removedby coin tossing by the sixth author (Ziping Wang) blind until the
end of the study: if it comes head, the patient will go to receive
internal ﬁxation with percutaneous plate using a sinus tarsi
approach (minimally invasive treatment group, n ¼ 70), and if it
comes tail, he will go to receive open reduction and internal ﬁx-
ation with conventional plate via L-shaped lateral approach
(routine treatment group, n ¼ 57) (Fig. 3). All patients agreed to
participate in this clinical trial by signing an informed consent
form. The trials were approved by ethics committee of our insti-
tution (approval code: ZPYYLL-2007015) and performed in accor-
dance with the ethical standards.
2.2. Surgical procedure
Operationwas performed usually from 5 to 12 days (average, 7.4
days) after injury by the senior author. After admission, the ex-
tremities of all patients were elevated and ice applied in an effort to
minimize swelling and avoid blisters. All patients underwent spinal
subarachnoid block analgesia or epidural anesthesia and were
placed in a lateral decubitus position with the lateral malleolus of
affected foot uppermost to treat unilateral fracture or in a supine
position for bilateral fracture.f calcaneal fractures. Preoperative lateral X-ray showed signiﬁcantly reduced calcaneal
ntly increased calcaneal width (B); After establishing the lateral calcaneal channel, the
eus (C); The plate was placed in the lateral calcaneal channel (D); Postoperative lateral
improved (E). Postoperative axial X-ray showed the calcaneal width recovered well (F);
(G).
Fig. 2. Open reduction and internal ﬁxation with conventional plate via L-shaped lateral approach. Preoperative lateral X-ray showed that calcaneal height, Böhlers angle and
Gissanes angle were signiﬁcantly reduced (A), however the calcaneal width signiﬁcantly increased on the preoperative axial X-ray (B); The standard extended lateral approach with
L-shaped incision was used, reduction of calcaneal fractures was completed under visualization, and then plate was placed (C); Postoperative lateral X-ray showed that the calcaneal
height, Böhlers angle and Gissanes angle were signiﬁcantly improved (D); Postoperative axial X-ray showed the calcaneal width recovered well (E); Surgical incision healed well on
the 21st day after surgery (F).
Fig. 3. CONSORT ﬂow chart of the participants in the trial.
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Table 1
Demographic data.
Minimally invasive
group (n ¼ 59)
Routine treatment
group (n ¼ 49)
Gender 57M (61 feet)/2F (3 feet) 47M (51 feet)/2F (2 feet)
Age (years) 38 (20e67) 37 (19e67)
Sanders classiﬁcation
Type II 39 feet
(15 type IIa/21 type IIb/3 type IIc)
31 feet (12 type IIa/17
type IIb/2 type IIc)
Type III 25 feet
(11 type IIIab/13 type IIIac/1 type IIIbc)
22 feet (10 type IIIab/11
type IIIac/1 type IIIbc)
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calcaneus was made via sinus tarsi approach beginning from the
anterolateral corner of the tip of the lateral malleolus, through si-
nus tarsi, calcaneocuboid joint and extending to the proximal
cuboid. The front incision was directed toward lateral wall bone of
anterior process of calcaneus. Using sharp dissection, this incision
was made down to the posterior subtalar joint capsule. After
moderate exposure of the lateral wall of calcaneus, we elevated the
subtalar articular surface with a dedicated elevator inserting into
the fracture and then a 3.5 mm Steinmann pinwas inserted into the
calcaneus tuberosity followed by longitudinally extending to the
posterior articular surface to correct the Böhler angle. After
reduction, the Steinmann pin was driven into the anterior process
of calcaneus. Allograft bone was used to ﬁll the large defect that
remained after the reduction. After the calcaneus length, height
and width, and Böhlers and Gissanes angle was recovered satis-
factorily under C-arm ﬂuoroscopy, the plate was inserted to the
front from the rear incision up to anterior process of calcaneus by
percutaneous calcaneus lateral channel (Fig. 1C and D). Screws
were applied in rear of the calcaneal body, subtalar articular surface
and anterior process of the calcaneus, and an additional compres-
sion screw was directed toward the sustentaculum tali. Following
the plate and screw were well ﬁxed under C-arm ﬂuoroscopy, the
rubber drainswere inserted into the anterior and posterior incision,
and the incision was closed in a layered fashion followed by
compression bandaging.
The standard extended lateral approach with L-shaped incision
was used in the routine treatment group [3,5]. The vertical part of
the incision was placed midway between the ﬁbula and Achilles
tendon. The horizontal part was placed in line with the base of the
ﬁfth metatarsal. The incision is made directly to the bone at the
corner to create a full-thickness ﬂap. Once the lateral wall of the
calcaneus and subtalar joints were exposed, the full-thickness ﬂap
was held in place with three 2.0-mm Kirschner wires (1 each in the
ﬁbula, astragalus, and cuboid). Reduction technique included the
use of distraction with a 3.5 mm Steinmann pin. Y-plate or H-plate
designed for the calcaneus (Fig. 2C) was generally used for ﬁxation.
Once rigid ﬁxation was achieved under C-arm ﬂuoroscopy, the
rubber drainswere inserted into the anterior and posterior incision,
and the incision was closed in a layered fashion followed by
compression bandaging.
2.3. Postoperative management
Postoperatively, the affected limbs of patients were elevated to
minimize swelling. At 24 h postoperatively, it is possible to begin
passive and active motion without weight bearing of tibio-tarsic
joint and isometric exercise for lower limb muscle. Rubber
drainage was extracted after 48 h, and incision was cleaned every
two days until sutures were removed approximately 2 weeks
(minimally invasive treatment group) (Fig. 1G) or 3 weeks (routine
treatment group) after surgery (Fig. 2F). Weight bearing was initi-
ated after 3 months. Radiographs were taken preoperatively and
postoperatively to measure the calcaneal anatomical parameters,
including height, width, length, Böhlers angle, and Gissanes angle.
Clinical functional outcomes were graded using the Maryland foot
score.
2.4. Statistical analysis
Sample size was calculated by the statistical programme
G  Power 3.0. (Heinrich-Heine-Universität, Düsseldorf, Germany)
for comparing two sample population means at 5% signiﬁcance
level (one sided) and 80% power and a sample of 51 patients in each
arm was required. Data were analyzed using SAS 8.0. All patientsand statistician (Zuming Wu) were blinded until the end of the
study. Count data were analyzed by the c2 test. Measurement data
were expressed as mean  standard deviation. Data comparison in
the same group was analyzed by one-way analysis of variance and
paired T test, while data comparison in different groups was per-
formed using the independent sample T test. P value <0.05 was
considered statistically signiﬁcant.3. Results
Although a total of 127 patients were enrolled, 19 (11 in the
minimally invasive treatment group and 8 in control group) were
lost because they did not attend follow-up visits (Fig. 3). Thus, the
results were based on the analysis of 108 participants: 59 patients
(64 feet) in minimally invasive treatment group and 49 patients
(53 feet) in routine treatment group. The study groups were similar
regarding gender, age, Sanders types [10] of calcaneal fractures
(Table 1), calcaneal heights, widths, lengths, Böhlers angles and
Gissanes angles (Table 2) preoperatively (p > 0.05), indicating the
two groups were comparable.
The operative time of minimally invasive treatment group was
signiﬁcantly shorter than that of the routine treatment group [46e
80 min (mean, 62 min) vs 65e110 min (mean, 93 min), p < 0.01].
Postoperative X-ray showed satisfactory calcaneal fracture reduc-
tion, the calcaneal height, width, length, Böhlers angle and Gissanes
angle were signiﬁcantly corrected in both two groups (Figs. 1E, F
and 2D, E). There were no signiﬁcant differences in the calcaneal
height, width, length, Böhlers angle and Gissanes angle between
two groups postoperatively (Table 2). After an average of 19months
follow up (ranged 8e28 months), no feet developed wound healing
complications in minimally invasive treatment group, but incision
complications occurred in 8 feet in routine treatment group,
including dehiscence in 6 feet, wound edge necrosis in 2 feet, and
secondary incision infection in 2 feet. No osteomyelitis was
observed during follow up. All wound complications were resolved
with dressing change. According to Maryland foot score, 49 frac-
tures resulted excellent (90e100 points), 11 good (75e89 points),
and 4 fair (50e74 points), with excellent/good rate of 93.8% (60/64)
in minimally invasive treatment group, while 31 fractures resulted
excellent, 15 good, and 7 fair, with excellent/good rate of 86.8% (46/
53) in routine treatment group, which was statistically signiﬁcant
between two groups (p < 0.01).4. Discussion
Although the optimal management of displaced intra-articular
calcaneal fractures remains controversial, the most common used
approach has been via an L-shaped, extensile lateral approach. This
approach offers a good exposure of the fractured lateral wall of the
calcaneus and subtalar joints, reduction of the subtalar and calca-
neocuboid articulations with Steinmann pins, and stabilization of
the fracture by internal ﬁxation plates, which are beneﬁcial for
Table 2
The comparison of radiographic test results between the minimally invasive and routine treatment group preoperatively and postoperatively.
Observation indexes Preoperative Postoperative
Minimally invasive treatment
group (n ¼ 59)
Routine treatment
group (n ¼ 49)
Minimally invasive
treatment group (n ¼ 59)
Routine treatment
group (n ¼ 49)
Böhlers angle () 2.0  3.5 2.2  4.0 28.6  3.7 27.9  4.1
Gissanes angle () 95.9  7.6 96.3  7.0 120.9  6.4 119.4  7.2
Calcaneal heights (mm) 33.7  2.4 34.1  2.6 38.6  2.1 38.2  2.5
Calcaneal widths (mm) 39.2  2.2 39.8  2.7 33.6  2.2 33.2  2.2
Calcaneal lengths (mm) 64.9  2.9 64.1  3.8 67.8  2.5 68.1  3.2
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with the previous studies [12e14], the calcaneal height, width,
length, Böhlers angle and Gissanes angle were signiﬁcantly
improved in our study by an extensile lateral L-shaped approach,
with the good and excellent rates of 86.8%.
Recently, a lot of attention has been paid to extensile lateral L-
shaped approach with regard to delicate soft tissue management
via the creation of full-thickness ﬂaps and a “no touch” technique
[15]. However, the postoperative wound complications still occur
[16]. Howard et al. [4] reported on a retrospective review of 226
displaced intra-articular calcaneus fractures treated through an
extensile lateral approach and found an overall wound complica-
tion rate of 25% (57/226). Furthermore, Folk et al. [17] identiﬁed
diabetes, smoking, and open fractures as independent risk factors
for wound complications. In our research, we have excluded the
patients with the open fracture, serious comminuted fracture, long-
term smoking, and severe diabetes and full-thickness ﬂaps and a
“no touch” technique have been adopted. However, the post-
operative incision complications couldn’t be avoided, with inci-
dence rate of 15.1% (8/53). Although those cases were cured with
dressing changes, the treatment time was extended about 30e100
days.
To avoid the wound complications, several minimally invasive
procedures have recently been introduced. Among them, percuta-
neous screws ﬁxation is a widely reported minimally invasive
surgical treatment, which can effectively avoid wound complica-
tions due to the small incision [9,18,19]. However, this method
seems to be more suitable for these cases with more complete
calcaneus fracture fragments and moderately displaced fracture
because of the limited screw ﬁxation strength [20,21]. Thus, com-
bined plate ﬁxation is advocated [22]. In addition, sinus tarsi
approach is also a minimally invasive incision approach recom-
mended for treatment of displaced calcaneal fractures. Holmes
et al. [23] and Hospodar et al. [24] have successfully completed
calcaneus intra-articular fractures reduction and percutaneous
screws ﬁxation by this incision, and obtained the satisfactory out-
comes without any wound complications. However, the lateral wall
of calcaneus seemed not to be fully exposed via this small incision
and the application of common calcaneal plate is limited.
Our team developed a minimally invasive calcaneus plate
(Fig. 1C, E) that can be inserted through the sinus tarsi incision
(patent number: ZL 2007 20076532.9). The arch structure of plate
can mimic the similar arc shape of calcaneus. Forearm with two
holes can be used for ﬁxing the anterior process of calcaneus, rear
armwith three holes for the rear calcaneus, and the body with 4e5
holes for the body of the calcaneus. The protruding screw hole was
used for the support of fractured fragments below the posterior
articular surface. Thus, the solid triangle support is formed by front,
central and rear screw ﬁxation. Compared with the common
calcaneal plate, our plate may possess simple structure, small size,
and perfect morphology match with lateral calcaneus, which may
not only provide adequate strength to support fractured calcaneus,
but also reduce the tension of skin and soft tissues and contribute toeasy insertion and extraction via the channel between peroneal
tendon and the lateral wall of calcaneus due to less space occupa-
tion. Thus, it is applicable to most calcaneal fracture. As expected,
good and excellent results were obtained in 93.8% of the fractured
calcaneus, which was signiﬁcantly higher than that of the routine
treatment group (86.8%).
More interestingly, the minimally invasive treatment group had
a signiﬁcantly short operative time and less postoperative wound
complications compared to routine treatment group. This suggests
that our minimally invasive sinus tarsi approach for the reduction
and ﬁxation of displaced intra-articular fractures of the calcaneus is
more safe and effective, which is in accordance with previous
studies [3]. However, there are still some limitations in this tech-
nique. We had a relatively small number of patients and our
average follow-up was only 19 months. Therefore, further investi-
gation with large sample size and longer follow-up time is still
needed to obtain a more precise clinical efﬁcacy for the minimally
invasive sinus tarsi approach in the management of intra-articular
calcaneus fractures.
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